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Abstract—Electricity is one of the most importance energy for 
daily life. Therefore electricity demand of low voltage electric 
power is increasing every year. On the other hand, the potential 
hazard of not proper installation in low voltage can lead to 
several problems. One of them is an arcing during short circuit 
which would lead to fire. This paper is propose a design of low 
voltage arcing identification equipment based on wavelet. The 
success in detecting arcing could be an effort to prevent the 
fire. The proposed algorithm is use wavelet transform as signal 
processing technique. This algorithm is expected to be a 
sensitive detector for arcing current at low voltage level which 
can cause of fire. 
Keyword: Arcing current, signal processing, wavelet transform, 
current sensor. 
I. INTRODUCTION  
Now days, electricity is one of basic energy source for 
daily life, house hold, commercial and industries. Electrical 
energy generated from power plant is transmited through the 
transmission system and distributed to each customer. On 
the other hand, electrical energy consumption in Indonesia is 
increased every year. National Electric Company in 
Indonesia (PLN) Statistical data in 2011 shows that the 
electrification ratio with the growth in the number of 
household customers of 39.324.520 customers at the end of 
2010 to 45.829.980 customers at the end of 2011. The 
electrification ratio is 70%. The huge number of the 
customers could lead to many problems. One of them is 
increasing in peak load. For the customers they can get a 
negative effect from National Electric Company in 
Indonesia because of the uncontrolled peak load that can 
causing a temporary outage. Another importance problem is 
failure occurred at low voltage level that is a short circuit 
and overload. It occured because the little protection which 
used at the low voltage level, such as fuse along with MCB 
(Mechanical Circuit Breaker). However, in fact, the sizing of 
protection system is not proper in some cases. This case can 
lead some problem when short circuit occurred. When short 
circuit occurred in very short time or low current, the short 
circuit can not detected. Therefore, arcing current is 
occurred that potentially lead to fire.  
So that, in fact, the failure of the unprotected short 
circuit caused fire at low voltage installation due to the 
undetected arcing. The failure also depended on the particles 
in our environment, humidity, minor metals, and pollutants 
could easily penetrate into the insulation which would create 
an electrically conductive path between the conductor and 
other parts of the system that had different potential. At low 
voltage level, the arcing phenomenon could not be detected 
because it had different phenomenon and current 
characteristics from short circuit which occurred at other 
voltage levels. The main cause of arcing could not be 
effectively detected by conventional protection equipment, 
so it could lead to a fire [1]. The fire can initiate a several 
problem cause huge material losses. The fire caused by short 
circuit has very high risk because of the inability of the 
protection equipment at low voltage to detect and manage 
these failures. This short circuit could usually be detected by 
overcurrent relays because the currect was likely to greater 
than the overload, but it only applied at the level medium 
and high voltages. At the low voltage level, it could not be 
detected because the failure characteristic was different from 
what happened in other voltage levels. This research is 
expected to make arcing identification equipment at the low 
voltage level by utilizing the characteristics of interference 
signals which have been obtained. So that cases of fires that 
occurred in the low voltage level due to short circuit that 
causes arcing can be protected and avoided [2]. 
 
II. ARC FAULT AND WAVELET TRANSFORM METHOD 
 
A. Arc Fault 
Arc Fault is a discharge phenomenon of electric current 
flowing between electrodes through gas or steam. Itis 
usually indicated by voltage drop in cathode much greater 
than anode. The occurrence of arcing can be initiated in 
several cases, such as spark discharge and physical contact. 
The spark discharge can lead to arcing if voltage with high 
potential breaks the air between two electrodes. Low voltage 
systemis unable to create spark discharge. However, arcing 
can be created due to spark discharge when it is occurred in 
the most of conductor surface, such as broken insulation and 
conductor wire which have contact with grounding circuit. 
[3] 
Based on the effect of arcing to system, it can be 
divided into two, usual arcing and bad arcing. The 
occurrence of usual arcing is usually in the area of power 
plug, while the bad arcing, called as arc fault, is caused by 
2016 International Seminar on Application for Technology of Information and Communication
229
several cases, such as fired and broken insulation of 
electrical circuit and wire, brokenair insulation (atmospheric 
breakdown) due to pollution, moisture and loose electrical 
connections. Furthermore, based on the value of arcing 
current it can be divided into two, high-level arc and low-
level arc. Arcing can also be divided into arcing series and 
parallel arcing. Then, parallel arcing can be divided into 
ground arc and wire-to-wire arc, as seen in figure 1, 2 and 
3.[4] 
 
Load
 
Figure 1. Series arc fault. 
 
Load
 
Figure 2. To-ground arc fault. 
 
Load
 
Figure 3. Wire-to-wire arc fault. 
 
B. Wavelet Transform 
Wavelet is a transformation that is almost similar with 
Forier Transform [5]. Forier transform is widely used to 
solve signal characteristics at frequency domain and 
spectrum analysis.This transform is able to explain the 
signal singularity overally, but it is difficult to get the detail 
of failure at time domain. On the other hand, Wavelet 
Transform can effectively solve this problem since it can put 
at time domain. [6] 
 
ܹ ௫ܶ(ߙ, ߬) = 	 ଵ√ఈ	 ׬ ݔ	(ݐ)߮∗ ቀ
௧ିఛ
	ఈ ቁ 	݀ݐ = {ݔ(ݐ), ߮ఈఛ(ݐ)}						(1)
    
 
The equation ݔ(ݐ)	߳	ܮଶ(ܴ), φ(t)	is wavelet function. 
And {x,y} is defined as: 
 
{ݔ(ݐ), ݕ(ݐ)} = ׬ ݔ(ݐ)ݕ∗(ݐ)	݀ݐ      (2) 
 
߮ఈఛ is defined as 
 
߮ఈఛ = 	 ଵ√ఈ ߮	 ቀ
௧ିఛ
ఈ ቁ        (3) 
 
߮ఈఛexplainsabout integer factor widening and scale 
factor shifting of wavelet function. Function of t, α, ߮ is a 
continuous variable, so this method is then called as 
Continous Wavelet Transform. However, the signal has to 
be in discret before to analyze the data with a computer. 
After the integer factor widening and the scale factor 
shifting have been in discret, a new equation is obtained as 
below: 
 
ܹ ௫ܶ൫ߙ଴௝, ݇ఛ଴൯ = 	׬ ݔ(ݐ)߮∗ (ݐ)݀ݐ  , J=0,1,2,..., k ϵ Z.    (4) 
 
For characteristics of frequency band, a signal of X(t) 
can be discreted to obtain time series sample x(n), where 
n=1,2,3,… if the signal is defined as As, so it is called as 
Discrete Wavelet Transform, as this equation: 
 
As = A1 + D1 = A2 + D1 + D2 = .......  (5) 
 
In this function, As signal will be composed into Aj+1 
approach signal and Dj+1detail signal. The Aj+1 signal is 
low frequency signal, while the Dj+1 is high frequency 
signal. Figure 4 shows the process of signal convolution. So, 
based on the method displayed at figure 4, x(n) can be 
explained as follow [7]. 
 
X(n) = An + D1 + D2 + .......... + Dn         (6) 
 
The new form of the original signal containing 
different characteristics of frequency band at time domain 
can be an opportunity to identify arcing and normal current 
signal by detecting the signal of each frequency band. 
 
 
Figure 4.Frequency band is described in wavelet function. 
 
C. Failure Detection Method 
This research uses discrete wavelet transform in order 
to be processed in a computer by comparing the data 
between normal conditions and arc fault. The fault current 
will be transformed into the form of wavelet by using 
microcontroller, so that a coefficient with certain pattern in 
the form of ADC data canbe obtained. Then, the ADC data 
will be used as a variable in order to be a parameter in 
failure detection and displayed on the computer. 
 
D. ADC Converter 
ADC input in this microcontroller is connected to 6 
channel analog multiplexers for single ended input channels. 
If a signal is inputed on ADC and other clannels connected 
to ground, it is called as single ended input. For conversion 
using single ended, equation 7 can be used by comparing 
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Vreference to the scale of data bits, and the result is ADC 
reference selected among others at the AREF pin, AVCC pin 
or internal reference voltage of 5 Volts. Equation below is to 
get the ADC value: 
 
ܣܦܥ = 	 ௏௜௡	௫	ଵ଴ଶସ௏௥௘௙          (7) 
 
III. DESIGN OF EQUIPMENT AND METHOD 
 
A. Design of Failure EquipmentPrototype 
This research is conducted to design the device that is 
able to detect arcing by using low voltage systems prototype 
of 220 volts. Detection by current sensor is going to be 
conducted during the occurrence of arcing in the prototype. 
In addition, this system consists of switches to add or 
substract load, fuse, microcontroller and serial 
communication as data transmission to computer. System 
design of low voltage arcing identification can be seen at 
block diagram below: 
 
Source form national electric 
company in indonesia
Prototype Network 1 phase
Short-circuit currents 
Interference / Arcing
Current Sencor
Mikrokontroller (Arduino) Serial Communicatins PC
 
Figure 5. Block diagram of identification system. 
 
B. Design of Microcontroller Circuit 
Figure 6 below shows the block diagram of 
microcontroller circuit: 
 
Current Sensor
Slider Signal 
circuit
Mikrokontroller 
(arduino)
Serial 
communications PC  
Figure 6.The working system of microcontroller. 
 
 The microcontroller or arduino has two main roles, 
such as to convert and store data from sensors also process 
data that has been received by current sensor. Between the 
side of current sensor and microcontroller is a signal shifter 
circuit which has a function to shift current signal produced 
by current sensor in the form of sinusoidal signal. The 
sinusoidal signal is shifted into DC signal which is served as 
the input of ADC pin. Then, the signal shifter circuit could 
be seen as follow: 
 
 
Figure 7.Signal shifter circuit. 
 
C.  Design of Experimental Device 
This design is to model or simulate experiment in 
condition of normal and arcing. The device can be 
categorized as hardware and software. The hardware 
consists of 6A fuse, fuse box, cable with 1,5 mm2 fiber 
cross-sectional area, a resistive load of 100 watts as many as 
10 pieces, switch, acrylic chamber (as the place of arcing). 
The software to edit the programis Delphi. 
 
D.  Design of Equipment 
 
Current 
Transformer
AC
Slider Signal 
circuit
Mikrokontroller
(Arduino)
PC 
Load
Fuse Box
Fenomena Arc 
Flash
Source 
National 
Electric 
Company in 
Indonesia
Chamber 
Akrilik
 
Figure 8.Design of equipment and failure prototype. 
 
As seen figure 8 above, the equipments consist of 6A 
fuse, fuse box, current transformer 200/5 A, fiber cable 1 
phase 1,5 mm2, a resistive load such as light of 100 watts as 
many as 10 pieces, acrylic chamber, arduino as 
microcontroller and computer. Then, experiment 
equipmentsis seen in figure 9 below: 
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Chamber 
Akrilik
Current 
Transformer
Current 
Transformer
Arduino
Cable PC
Fuse Box
LOAD
Figure 9. Experimental equipment. 
 
E. Design of Graphic Display 
The results of ADC data will be sent to computer using 
serial communication. The ADC data is then processed in 
PC with Delphi 7. This software will process discrete 
wavelet transform and convolution. The display of program 
designed by using Delphi can be seen in figure 10. 
 
 
Figure10. Display of program. 
 
F.  Data Collecting 
The process of collecting data, in this case is current 
data, consists of 3 conditions, such as normal, switching 
(addition or subtraction of load), and arc fault. The data is 
obtained by using microcontroller with a sampling 
frequency of 5 Ksampling/s. 
Initial condition (normal), acondition where the 
electrical system runs without any failure. Switching 
condition, a condition where an additional load is given to 
the system. Arcing condition, a condition where a failure is 
given to the system that lead to an arcing phenomenon. The 
three conditions of them are shown in this following figure: 
 
 
Figure 11.The occurrence of arcing. 
 
G.  Data Processing 
The current data are obtained by current sensor in the 
form of analog signal. Then, sampling process uses discrete 
wavelet transform method which is processed by using 
arduino microcontroller. After digital current data are 
obtained, signal convolution process is conducted by using 
the software. This convolution process is used to analyse 
signal easier, whether the signal is normal condition or 
arcing condition. 
 
VI. RESULTS AND ANALYSIS DATA 
 
A. Trial Scheme and Data Collecting 
The plotting process is aimed to describe the results of 
cutting. In this plotting, initial condition (normal) and arcing 
condition are described. For initial condition (normal), the 
data will be taken in 1 trial, while for arcing the data will be 
taken in 6 experiments. 
 In normal condition the current is 5 ampere. This 
condition is arranged based on the condition in the field. In 
plotting process, x-y graphic contains the current magnitude 
of ½ cycle toward time (ms). The data has a sampling 
frequency of 5 K sampling/s with 100 data every ½ cycle. 
Then, the data in normal condition can be seen in figure 12. 
 
 
Figure12. Graphic of normal condition. 
 
B. Arcing Detection Analysis 
This part explains about arcing detection by using 
discrete wavelet method as signal transform and comparison 
method to obtain arcing detection parameter. The results of 
discrete wavelet transform can be explained in figure 13-16. 
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Figure13. Graphic of 1st experiment. 
 
 
Figure14. Graphic of 2nd experiment. 
 
 
Figure15. Graphic of 3rd experiment. 
 
 
Figure 16. Graphic of 4th experiment. 
 
 
Figure 17. Graphic of 5th experiment. 
 
Figure 13-17 are the figures of characteristic when 
arcing fault phenomenon occur. There are 5 times of 
experiments. In figure 13, the first experiment of arcing, it  
can be seen that the arcing occurs at 50 ampere. For the third 
experiment of arcing, it increases until 100 ampere. Then, 
for the fourth and the fifth experiments, it can reach 50 
ampere and 20 ampere. From those figures, thecurrent value 
when arcing occurs can be find out. 
 
C. ConvolutionProcess 
The function of convolution process is to facilitate  
classification of signal by passing high frequency signal. In 
this research, the detection method is done by comparing the 
maximum value from high frequency at arcing condition.  
The maximum value of high frequency at normal condition 
is used as threshold or limit of value that is obtained. The 
value of threshold limit is 5. If it exceeds the value, so the 
calculation of the exceed amount of data will be done. The 
amount of high frequency data at arcing condition which 
exceed the maximum value of high frequency at normal 
condition will be a reference in detection parameter. 
 
 
Figure 18. Convolution process normal condition. 
 
 
Figure19. Convolution process of 1starcing experiment. 
 
 
Figure20. Convolution process of 2nd arcing experiment. 
 
Figure21. Convolution process of 3rd arcing experiment. 
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Figure22. Convolution process of 4th arcing experiment. 
 
 
Figure 23. Convolution process of 5th arcing experiment. 
 
In figure 18-23, the convolution process is shown in 
each condition from normal until arcing. Figure 18 is the 
result of convolution in normal condition, while figure 19-23 
are the convolution process when arcing condition. From 
those figures, it can clasify which one normal and arcing 
condition. The result of convolution in the value of 0 until 5 
means that the condition isnormal, while the value more than 
5 is arcing condition. 
 
CONCLUSION 
 
The low voltage arcing detection system is proposed in 
this paper. Very short time occurrence of short circuit that 
initiate arcing can be detected. The sampling rate of 
microcontroller is 5 kS/s. The method used in this research 
is discrete wavelet transform with high frequency variable 
for the detection process. This method can differentiate from 
normal condition and arcing. In this research, the detection 
system is use PC based interface. Based on the system 
performance and application consideration, the stand alone 
detection system will be developed in then next research 
project.  
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